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The notion of ‘fuel poverty’, referring to affordable warmth, underpins established research and policy agendas in
the UK and has been extremely inﬂuential worldwide. In this context, British researchers, ofﬁcial policymaking
bodies and NGOs have put forward the notion of ‘transport poverty’, building on an implicit analogy between
(recognised) fuel poverty and (neglected) transport affordability issues. However, the conceptual similarities and
differences between 'fuel' and 'transport' poverty remain largely unaddressed in the UK. This paper systematically
compares and contrasts the two concepts, examining critically the assumption of a simple equivalence between
them. We illustrate similarities and differences under four headings: (i) negative consequences of lack of warmth
and lack of access; (ii) drivers of fuel and transport poverty; (iii) deﬁnition and measurement; (iv) policy in-
terventions. Our review suggests that there are important conceptual and practical differences between transport
and domestic energy consumption, with crucial consequences for how affordability problems amongst households
are to be conceptualised and addressed. In a context where transport and energy exhibit two parallel policy
worlds, the analysis in the paper and these conclusions reinforce how and why these differences matter. As we
embark on an ever closer union between our domestic energy and transport energy systems the importance of
these contradictions will become increasingly evident and problematic. This work contributes to the long-term
debate about how best to manage these issues in a radical energy transition that properly pays attention to is-
sues of equity and affordability.1. Introduction
Domestic and transport energy consumption have traditionally
belonged to distinct academic and policy silos. Recent developments,
however, suggest the need for convergence. The UK is committed to
reducing greenhouse gas emissions by 80% by 2050, and reductions have
to be achieved across all sectors (HMG, 2010). This includes both
transport and domestic energy uses, which together account for most of
household emissions (Preston et al., 2013). Strongly connected to this
agenda is the need for technological decarbonisation of the private car
ﬂeet with a shift to electric vehicles powered through charging from the
grid or hydrogen generated from ‘green’ electricity (OLEV, 2013).
Affordability in both the domestic and the transport sector is a criti-
cally important issue, which has high political salience (Lyons and
Chatterjee, 2002; Preston et al., 2013; RACF, 2012). However, the ap-
proaches to conceptualising energy need and affordability are currently
quite different within these two sectors. With an ever closer coupling of
domestic energy and energy for mobility these conceptual gaps will
become difﬁcult to defend, and this paper, therefore, seeks to explore andstitute for Transport Studies, Univers
li@gmail.com (G. Mattioli).
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A reﬂection on energy affordability is also particularly salient now
because, whilst the status quo of affordability is unevenly distributed
(Preston et al., 2013), a transition to a new lower carbon system for
domestic energy and mobility could imply quite radical shifts in prices
(Stern, 2006; Weber and Matthews, 2008) and access to alternatives
(Mullen and Marsden, 2016). This has generated an initial literature
which raises concern for the vulnerability of different (and especially
low-income) social groups to the current energy transition (Bickerstaff
et al., 2013; Dodson, 2013; Jouffe and Massot, 2013; Lucas and Pan-
gbourne, 2014), as well as for the accessibility and affordability of energy
services across both sectors (Bouzarovski and Petrova, 2015; UN-
Habitat, 2013).
This paper begins by situating the debate about energy affordability
in the British context, where substantial research traditions exist in both
domestic and transport energy consumption. The UK has long established
the notion of ‘fuel poverty’ (Boardman, 1991, 2010; DEFRA, 2001; Hills,
2012), which refers to the affordability of domestic energy and most
notably heating. This notion underpins established research and policyity of Leeds, 34-40 University Road, LS2 9JU, Leeds, UK.
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framed in an increasing number of countries (e.g. Bafoil et al., 2014;
Bouzarovski and Petrova, 2015; Heindl, 2015; ONPE, 2014).
Similarly, the worldwide inﬂuence of the UK ‘transport and social
exclusion’ research tradition within transport poverty policy in the
UK cannot be understated (Cass et al., 2003; DfT, 2006; Hine and
Mitchell, 2003; Lucas, 2004, 2012; SDC, 2011; SEU, 2003). However,
this research has focused largely on low mobility individuals and
carless households, while transport affordability, the costs of motoring,
and vulnerability to fuel price increases have received less attention
than in other countries (Mattioli, 2015).
In this context, British researchers and NGOs have put forward the
notion of ‘transport poverty’, building on an implicit analogy between
(recognised) fuel poverty and (neglected) transport affordability issues.
However, the justiﬁcation for this analogy, and its implications for how
transport affordability should be deﬁned, measured and tackled have
rarely been discussed.
This paper aims to ﬁll this gap, by critically comparing and contrasting
the notions of fuel poverty and transport poverty. In doing so, it questions
the assumption of a simple equivalence between the two problems,
illustrating how transport consumption is conceptually different from
domestic energy and heating consumption in a number of key respects.
To the best of our knowledge, this is the ﬁrst English-language publica-
tion to offer a thorough critical discussion of the two problems in a
comparative perspective.
The article is structured as follows. Section 2 focuses on domestic
energy affordability. After an overview of debates in the UK (2.1), the
notion of fuel poverty is discussed under four headings: consequences
(2.2), drivers (2.3), measurement (2.4) and policies (2.5). Section 3 fo-
cuses on transport affordability, starting with a discussion of the fuel
poverty - transport poverty analogy in British debates (3.1), followed by a
comparison of the two problems, which is structured under the same four
headings (3.2–3.5). In Section 4, we conduct a critical assessment of
similarities and differences, and outline directions for future research and
discuss policy implications.
2. Domestic energy affordability and ‘fuel poverty’
2.1. The fuel poverty debate in the UK
Brenda Boardman's book “Fuel poverty: from cold homes to affordable
warmth” (1991) provided a ﬁrst and well-known deﬁnition of fuel
poverty as being “unable to obtain an adequate level of energy services,
particularly warmth, for 10 per cent of (household) income” (1991,
p.207). The ﬁrst UK Fuel Poverty Strategy (DEFRA, 2001) adopted
Boardman's ‘ten per cent ratio’ deﬁnition (TPR in the following) and
committed the government to the ‘eradication’ of fuel poverty by 2016,
publishing data and reports annually (e.g. DECC, 2016; FPAG, 2014;
DECC, 2009).
Following growing criticism of this deﬁnition (Liddell et al., 2012;
Moore, 2012), in 2010 the government commissioned an independent
review (Hills, 2011, 2012). The outcome was the ‘Low-Income-High-
Costs’ (LIHC) indicator, which was adopted as the new ofﬁcial deﬁnition
of fuel poverty in England. LIHC deﬁnes fuel poor households as those
who (i) have “required fuel costs that are above the median level” and (ii)
“were they to spend that amount they would be left with a residual in-
come below the ofﬁcial poverty line” (Hills, 2012, p. 9). In 2014, 10.6%
of English households (2.38 million) were fuel poor (DECC, 2016).
An important characteristic of the British debate is the ambiguity
about which domestic energy uses are considered. While all energy uses
within the home are considered in the ofﬁcial indicators, policy and
public discourse typically focus on heating only (Simcock and Walker,
2015; Simcock et al., 2016). For simplicity, in this article we refer to fuel
poverty as a space heating issue only.942.2. Health and social consequences
The negative physical health consequences of living in cold and damp
conditions have been emphasised (Boardman, 2010; Hills, 2011; Liddell
and Morris, 2010; Ormandy and Ezratty, 2012; Simcock et al., 2016), and
this magniﬁes the political salience of fuel poverty in the UK. Living at
cold temperatures has been linked to the incidence of cardiovascular
events, respiratory problems, rheumatisms and infections (WHO, 1987),
and to increased rates of mortality during winters (‘excess winter deaths’)
(Boardman, 2010; Hills, 2011; Liddell et al., 2016). In 2014/2015 “an
estimated 43,900 excess winter deaths occurred in England and Wales”,
83% of which among people aged 75 and over (ONS, 2015;
unpaginated).
Beyond health impacts, fuel poor households face a choice between
enduring cold temperatures, incurring debt, and cutting expenditure in
other areas (Anderson et al., 2012; Gibbons and Singler, 2008; Hills,
2011, p.86–87), such as food consumption (Beatty et al., 2014).
2.3. Drivers of fuel poverty
In mainstream fuel poverty research, lack of warmth is seen to arise
from three factors (Boardman, 2010; Hills, 2011): income, energy prices
and energy efﬁciency.
Fluctuations of energy prices over time have been reﬂected in esti-
mates of the extent and depth of fuel poverty (DECC, 2016). Recent in-
creases in domestic energy prices reﬂect changes in global energy
markets, but also the cost of environmental obligations put by the gov-
ernment on energy suppliers, which are recouped through higher energy
prices (Hills, 2011; Preston et al., 2013). The thermal efﬁciency of homes
is a second key driver, with fuel poverty rates higher for households in
dwellings that are larger, older, poorly insulated and/or not connected to
the gas grid (DECC, 2016). At a given moment in time, fuel poverty
correlates strongly with low-income (Boardman, 2010, p.31–32): in 2014,
fuel poverty rates were highest (40%) among the lowest income quintile
group (DECC, 2016, p.53).
Research has highlighted two types of ‘mismatches’ between the
drivers of fuel poverty, i.e. situations where they could (or should) offset
each other, but they do not (similar mismatches can be observed in the
case of transport poverty, as we shall see in Section 3.3):
1. a mismatch between income and energy efﬁciency. Boardman argues
that as “the lower the income of the household, the more energy
efﬁcient the property has to be to ensure that they are not in fuel
poverty ( …), the poorest people should have the most energy-
efﬁcient homes” (2010, p.35–36). In Britain, lower income house-
holds are more likely to live in smaller properties, in ﬂats and in
modern or recently renovated social housing, all factors that tend to
result in higher thermal efﬁciency (Hills, 2011, p. 41–42). On the
other hand, they are more likely to use expensive fuels and less likely
to be able to make capital investments on energy efﬁciency im-
provements, and this can leave them “locked-in to high energy costs”
(Hills, 2011, p. 39). Overall, the Hills review found no signiﬁcant
differences in thermal efﬁciency between income groups, after con-
trolling for tenure (2011, p.42)
2. a mismatch between income and fuel prices: low income households
generally pay higher tariffs, as a result of payment method (higher
prevalence of prepayment meters), marginal cost pricing (whereby
smaller consumers pay proportionally more) and inability or unwill-
ingness to “shop around for the best deals” (Boardman, 2010,
p.81–97; Hills, 2011, p.44–50). Overall, while Boardman argues that
the poorest households should have access to the cheapest options
(2010, p. 89) the opposite seems to be the case.
2.4. Measurement
There are four key components to the ofﬁcial deﬁnitions of fuel
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Walker et al., 2015 - see Table 2 in Section 3.4), which are important to
bear in mind for when we later discuss the measurement of trans-
port poverty.
First, the unit of analysis is the household, reﬂecting the reasonable
assumption that household members share income and house space, and
therefore will be affected to the same extent by cold temperatures and/or
by the negative consequences of spending disproportionate amounts on
domestic energy.
Second, both ofﬁcial indicators of fuel poverty for England are based
on modelled estimates of required (rather than actual) spending on do-
mestic energy services. This means that “households whose actual
expenditure is low because they cannot afford enough fuel to be warm
are not wrongly considered not to be in fuel poverty (while) households
who have high expenditure while wasting energy are not considered to
be fuel poor” (Hills, 2012, p. 30).
The modelling of ‘required spending’ on space heating consists of four
steps (for details see Table 2 below, Simcock and Walker, 2015): (i)
speciﬁcation of a temperature standard; (ii) application of one of four
‘heating regimes’ (i.e. number of hours and portion of the house that
need to be heated); (iii) estimation of required energy consumption; (iv)
estimation of required expenditure.
A third key component of the measurement is the calculation of the
threshold of affordability: having to spend more than the critical value is
the, or one of the criteria for being deﬁned as fuel poor. In TPR, the
threshold is deﬁned based on cost burden, i.e. the ratio between spending
and income (10%). This originally corresponded to twice the median cost
burden actually observed in the British population and to the average
expenditure ratio among the lowest 30% of the income distribution in
1988 (Liddell et al., 2012). The LIHC indicator is based on a threshold of
required domestic energy costs, i.e. not normalised based on income.
Here the critical value is not ﬁxed, but corresponds to the median
required costs estimated based on the annual sample, equivalised to
reﬂect the different energy needs of different types of households.
A fourth component of the measurement, the deﬁnition of a critical
threshold of income, only applies to LIHC. With the new LIHC indicator,
non-poor households are excluded a priori from fuel poverty, unless high
required domestic energy costs bring their residual income below the
ofﬁcial poverty line (Hills, 2012). Under Boardman's previous TPR in-
dicator all households having to spend more than 10% on domestic en-
ergy were considered fuel poor, regardless of income.
2.5. Policy responses
Fuel poverty policies are generally categorised based on the three
drivers. Table 3 (in Section 3.5) presents examples of UK policy schemes
(past or present) fully or partially aimed at fuel poverty alleviation,
alongside a discussion of similar measures for transport poverty.
1. Income policies consist of government transfers to households to help
them pay domestic energy costs. In England, a large share of the
expenditure on fuel poverty mitigation is accounted for by these
measures (Hills, 2012, p.115; Boardman, 2010, p.154; HMG, 2015,
p.35). The fact that Winter Fuel Payments are made to all households
with an elderly member, regardless of other factors such as income
(Table 3), has drawn criticism as this is seen as a poorly targeted and
inefﬁcient measure to mitigate fuel poverty (Boardman, 2010; Hills,
2012; Preston et al., 2013).
2. Price policies. In the UK the degree of government control on energy
tariffs is limited due to market liberalisation and privatisation.
However the government regulator has the power to impose obliga-
tions on the energy suppliers, and since 2011 these are required to
provide rebates to low-income or vulnerable households.
3. Energy efﬁciency. Grants are provided to low-income households that
need support to undertake capital expenditure for heating efﬁciency
improvements. There is some overlap with climate policy here, with95some schemes aiming at improving the thermal efﬁciency of the
housing stock across the board, but including components that target
speciﬁcally low-income households and deprived areas (Table 3).
Having discussed the key components of the deﬁnition, measurement
and policy responses to domestic fuel poverty, we now turn our attention
to the issue of transport poverty.
3. Transport affordability and ‘transport poverty’
3.1. The fuel poverty – transport poverty analogy in the British debate
While the concept of fuel poverty has a well-established set of deﬁ-
nitions, binding policy targets and monitoring processes, there is a
relative lack of academic and policy interest for questions related to
transport poverty in the UK. So far in this article the term ‘transport
poverty’ has been used in a generic way. It is crucial, however, to ensure a
clear and consistent use of terms in this area. In the international aca-
demic literature, the term is used in two essentially different ways. In a
broader understanding, it is used to refer to all kinds of inequalities
related to transport and access (e.g. Lucas et al., 2016b;Martens, 2013;
Velaga et al., 2012), i.e. as poverty of transport. In this meaning, the term is
used alongside other notions such as 'transport-related social exclusion'
(e.g. Preston and Raje, 2007; SEU, 2003), 'transport disadvantage'
(Currie, 2011; Hine and Mitchell, 2003), etc. In a more speciﬁc meaning,
'transport poverty' is used to refer to the affordability of transport costs
(e.g. Gleeson and Randolph, 2002). In this understanding, it is used
alongside other notions such as 'transport affordability' (e.g. Litman,
2015; Lucas et al., 2016b), 'forced car ownership' (e.g. Curl et al., in press;
Currie and Senbergs, 2007) and 'car-related economic stress' (Mattioli
and Colleoni, 2016; Mattioli et al., 2016b). From here on in this paper, we
will use ‘transport poverty’ to refer to the former, broader problem, and
‘transport affordability’ to refer to the latter, more speciﬁc issue (for a
fuller discussion of terminology in this area see Lucas et al., 2016b).
In developed countries, research on transport affordability has
focused mostly on households who need to spend a disproportionate
amount of money on car-based mobility in order to access essential ser-
vices and opportunities. This reﬂects the fact that motoring accounts for
around 80% of all household spending on transport in OECD countries
(Kauppila, 2011, p.6), and the assumption that car ownership and use can
be a necessity in car-dependent societies. In the UK, there have been few
attempts to quantify the prevalence of transport affordability problems in
the population. These have typically been based on an analogy with fuel
poverty, but have produced very different ﬁndings, as illustrated in
Table 1. On the policy side, the Environmental Audit Committee of the
House of Commons' inquiry into “Transport and the accessibility to
public services” asked stakeholders whether “a measure of the transport
accessibility of key public services, in a similar manner as ‘fuel poverty’,
(would) be useful for policy-making (and if so, how should it be
deﬁned?)”, ﬁnding “some support” for the idea (EAC, 2013, p. 9–10).
Overall, then, the British debate on transport affordability has been
dominated by an analogywith the dominant fuel poverty agenda, inwhich
the substantial equivalence between the two issues has been largely
implied and taken for granted. As a result, a critical discussion of the
similarities and differences between domestic energy affordability and
transport affordability has not been undertaken in the UK yet. Interna-
tionally, however (andnotably in a French-speaking context), a number of
studies have explicitly compared the two issues, both theoretically
(Jaboeuf et al., 2016; Jouffe andMassot, 2013;ONPE, 2014; Saujot, 2012)
and empirically (Berry et al., 2016; Cochez et al., 2015; Desjardins and
Mettetal, 2012; Mayer et al., 2014; Ortar, in press; Verry et al., 2017),
mostly concluding that there are important conceptual differences be-
tween them. In the following sections, we build on these contributions
and offer a discussion of transport affordability as seen through the lens of
British fuel poverty research and policy. This is useful in light of the in-
ternational inﬂuence that the ‘fuel poverty’ notion has had to date.
Table 1
Studies quantifying the prevalence of transport affordability problems in the UK.
Source Deﬁnition Findings Fuel poverty indicator of reference
RACF (2012) Transport poverty as when “more than ten
percent of (household) expenditure goes on
transport (both personal and public)”
“21 million households in transport poverty. An
estimated four ﬁfths of the UK's 26 million
households”
Boardman's TPR indicator (Boardman,
1991)
Sustrans (2012) Composite ‘risk of transport poverty index, based
on three variables:
1. households that would need to spend 10%
or more of their income on car running costs
2. people living more than one mile from
nearest bus or station
3. number of essential services that would take
more than 1 h to access by walking, cycling
and public transport
“Nearly 1.5 million people are at high risk of
suffering from ‘transport poverty’. Half of all
local authorities in England have at least one
high risk area”
Lovelace and Philips (2014) Commuter fuel poverty as the proportion of
people spending more than 10% of their
income on work travel
For three selected areas in York, the proportion
of commuter fuel poor is respectively 3.3%
(central area) 1.7% (suburb) and 5.9%
(outskirts)
Mattioli et al. (2016b) Household in car-related economic stress if:
1. equivalised income after housing and
running motor vehicles costs is below 60%
of the median
2. the percentage of income spent on running
motor vehicles is more than twice the
sample median (i.e. 9.5%)
An estimated 9.4% of households in the UK
(corresponding to roughly 2.5 million
households) were in car-related economic
stress in 2012.
Hills' LIHC indicator (Hills, 2012)
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The less obvious causal chain between lack of affordable transport
and its negative social consequences might explain the relative lack of
policy interest in the problem of transport affordability, especially if
compared to the political salience of fuel poverty and its clear negative
health consequences.
Transport is a derived demand, i.e. a certain amount of mobility is
generally required to access services and opportunities, as well as to
engage in social activities and networks. Hence transport and access
problems have been suggested to be contributory factors to a wide range
of poor life outcomes (SEU, 2003) including unemployment (Blumenberg
and Manville, 2004; Cebollada, 2009; Cervero et al., 2002; Dobbs, 2007;
Lucas, 2004; Lucas and Nicholson, 2003; Smart and Klein, 2015),
reduced participation in education and training (Currie, 2007; Kenyon,
2011; Owen et al., 2012), poor diets (Wrigley, 2002), reduced health
services usage (Mackett and Thoreau, 2015; Neutens, 2015; Paez et al.,
2010), as well as exclusion from a wider range of social activities and
social networks (Cass et al., 2003; Farber and Paez, 2009, 2011; Mol-
lenkopf et al., 1997; Scheiner, 2006; Schwanen et al., 2015).
In each of these areas, however, transport is generally only one factor
among many others in explaining the observed and associated social
inequalities. Furthermore, while there is quantitative evidence to
demonstrate the relationships between transport disadvantage, reduced
social inclusion, social capital and well-being (Currie, 2011), these are
less likely to draw public and political attention than reported ﬁgures for
excess winter deaths.
As with fuel poverty, limiting spending on transport is not the only
short-term option for households struggling to afford transport costs, as
they can curtail spending in other areas (BBSR, 2009) and/or incur debt
(Walks, in press). There is evidence to suggest that transport and
motoring costs are given high priority by households, who prefer to cut
other costs ﬁrst (Deutsch et al., 2015; Ferdous et al., 2010; Froud et al.,
2002; Gicheva et al., 2007; Taylor et al., 2009). Notably, empirical
studies on energy-related economic stress suggest that households are
more likely to maintain their travel patterns and reduce domestic energy
consumption than the other way round (Jouffe and Massot, 2013; Des-
jardins and Mettetal, 2012), suggesting a possible causal link from
transport affordability to fuel poverty. The prioritization of transport96costs is often explained by the fact that travel is a precondition for
employment and income generation for households.
3.3. Drivers of transport affordability
The broad issue of transport poverty has a wide range of drivers,
including non-economic factors such as disability, age, gender, ethnicity,
household type, and cognitive and psychological factors, etc. (Lucas
et al., 2016b). If the focus is on the more speciﬁc issue of transport
affordability, however, it makes sense to assume that the drivers are the
same as those of fuel poverty: income, prices and energy efﬁciency. These
are critically discussed below.
3.3.1. Income
Most research on transport affordability in developed countries has
focused on motoring among low income groups. In detail, two distinct
manifestations of affordability problems in relation to car ownership and
use have been brought to light. First, low-income households are more
likely not to be able to afford car ownership (Mattioli, 2013a; Lucas et al.,
2016a). The lack of car ownership is often associated with reduced
accessibility to key service facilities and everyday activities, most notably
in car dependent areas where modal alternatives are few (e.g. Cervero
et al., 2002; Lucas, 2004; Mattioli, 2014; Smart and Klein, 2015). This
can result in reduced overall travel as a result of ‘suppressed travel de-
mand’ (Duvarci and Mizokami, 2009). To adopt the terminology of fuel
poverty research, many low-income household underspend on travel, as a
result of being unable to afford the capital expenditure on car ownership,
which would enable them to travel more and satisfy their accessi-
bility needs.
The second manifestation is that of households who own and use cars
despite limited income, and therefore have to trade-off transport costs
against spending in other essential areas, resulting in ‘forced car
ownership’ and ‘car-related economic stress’. Mattioliet al. (2016b) show
that around 9% of UK households have low income, high motoring costs,
and low capacity to reduce fuel demand in response to higher prices,
which leaves them in a situation of vulnerability.
In both cases, the recursive relationship between transport expenditure
and income generation adds a further layer of complexity. Individuals can
be unemployed (or in lower-paying jobs) because they are unable to
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press). At the same time, some households are willing to spend large
amounts on commuting travel, curtailing other expenses, as the alter-
native is an even lower standard of living as a result of reduced income
(Fol, 2009; Froud et al., 2002; Lucas, 2011). Indeed, empirical studies
have found that commuting costs can be very large as compared to
household income (Smart and Klein, 2015) and that employed house-
holds are overrepresented among those spending disproportionate
amounts on transport (Jouffe and Massot, 2013; Mattioli et al., 2016a,b;
Nicolas et al., 2012; Verry et al., 2017). This recursive relationship has no
clear equivalent in fuel poverty.
3.3.2. Prices
Historically the affordability of all transport modes has increased in
real terms in most countries (Sch€afer et al., 2009). However, as a result of
the massive increase in travelled distances and the associated shift to-
wards car travel (which is more expensive on a per kilometre basis) the
share of transport on total household spending has remained relatively
constant over time at the aggregate level (Kauppila, 2011; Sch€afer et al.,
2009), although it varies greatly across different social groups.
Lower-income households generally spend a smaller share of their
transport budget on vehicle purchase, and more on running motor ve-
hicles and public transport fares (Demoli, 2015; Kauppila, 2011;
Titheridge et al., 2014). Fig. 1 depicts the evolution of transport costs in
the UK between 1996 and 2015, showing that while vehicle prices have
signiﬁcantly declined, other components (running costs of private vehi-
cles and public transport) have increased or remained stable over time.
Arguably, these trends are not beneﬁcial to transport affordability, as the
components of transport costs that are most signiﬁcant for low-income
households have increased since 2003. Internationally, high oil and
motor fuel prices between the early-2000s and 2014 have resulted in a
surge of studies on transport affordability (e.g. BBSR, 2009; Dodson and
Sipe, 2007; Ferdous et al., 2010; Gertz et al., 2015; Lovelace and Philips,
2014; Motte-Baumvol et al., 2010; Nicolas et al., 2012).Fig. 1. Transport-related components of the Consumer Price Index
973.3.3. Energy efﬁciency
As with fuel poverty and heating, in this paper we adopt a broad
deﬁnition of energy efﬁciency as the total amount of transport-related
energy required to satisfy a given set of accessibility needs (in terms of
activity participation). In this perspective, energy efﬁciency consists of
three components. First, the required travel distances to activity destina-
tions and the practicability of energy-efﬁcient modes, two factors which are
strongly inﬂuenced by urban form, land use and the characteristics of the
built environment. A third factor is the energy efﬁciency of motor vehicles.
These components are discussed in turn below.
There is a large body of evidence on the relationships between land
use, the built environment and travel behaviour (Ewing and Cervero,
2010), showing that low density, distance from city centres and mono-
functional land use patterns are associated with increased car travel.
Empirical studies have shown that higher-density urban areas have lower
transport-related energy consumption and carbon emissions (Kennedy
et al., 2009; Liddle, 2013; Newman and Kenworthy, 1999; Rickwood
et al., 2008), because distances between residences and activity desti-
nations are shorter, and this makes more energy-efﬁcient modes like
walking, cycling and public transport more practicable, reducing car
dependence. This relationship holds at a lower geographical level: in
England there is a negative relationship between degree of urbanity and
household energy usage from motor vehicles (Chatterton et al., 2016), as
well as with motor running costs (Chatterton et al., in press), at the small
area level. Other studies conﬁrm the inverse relationship between degree
of urbanisation and total transport spending (Kauppila, 2011; Titheridge
et al., 2014).
This highlights the importance of the residential location choices of
households. These are driven by a wider range of factors than just
transport costs (Scheiner, in press), including notably housing costs
(Coulombel, in press; Gertz et al., 2015; Li et al., in press), but also other
factors such as e.g. proximity to social networks, lifestyle choices, etc.
(Belton-Chevallier et al., in press; Mullen and Marsden, in press; Ortar, in
press). Also, from the perspective of households, improving transport
energy efﬁciency through residential relocation is a more difﬁcult and
disruptive choice than improving home heating efﬁciency throughfor the UK, 1996–2015. Source: Ofﬁce for National Statistics.
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gests that the lock-in into low energy efﬁciency may be stronger for
transport affordability than for fuel poverty.
A third component of transport energy efﬁciency is vehicle efﬁciency.
While the energy efﬁciency of the housing stock increases almost by
deﬁnition over time (Boardman, 2010, p.130; DECC, 2016, p.19), this is
not the case for transport energy efﬁciency as we have deﬁned it here.
Historical trends towards suburbanisation have meant relative popula-
tion gains for the areas with the highest transport-energy consumption
(Breheny, 1995). At the same time, technological improvements in
vehicle fuel efﬁciency have historically been offset by other factors
(larger and more powerful vehicles, declining occupancy rates) (Sch€afer
et al., 2009), although this may change in the future.
3.3.4. Mismatches
As with fuel poverty, there are possible ‘mismatches’ between the
drivers of transport affordability listed above. We discuss two examples
of mismatches between income and energy efﬁciency here:
1. Urban research demonstrates the existence of a variety of ‘urban
socio-spatial conﬁgurations’, i.e. patterns in the distribution of in-
come groups across city-regions (Kesteloot, 2005). To put it simply, in
some urban areas the rich tend to live in the urban core, and the poor
in peripheral areas, while in others the opposite pattern is observed.
Since generally central areas are characterised by better levels of
accessibility and lower car dependence, these conﬁgurations have
opposite effects on transport affordability problems (Mattioli and
Colleoni, 2016), i.e. they may compound them, as in Australian cities
(Dodson and Sipe, 2007), or alleviate them, as in Christchurch, New
Zealand (Rendall et al., 2014). This suggests the need for a context-
sensitive analysis of the relationships between transport afford-
ability and urban socio-spatial conﬁgurations
2. A second mismatch concerns socioeconomic lags and gradients in
access to energy- and cost-efﬁcient vehicle technology. If low-income
households owned the most fuel-efﬁcient vehicles, this would help
with transport affordability. However, high upfront costs of new and
technologically superior vehicles, including electric vehicles (Tran
et al., 2012), might mean that low income households run less energy
efﬁcient vehicles, compounding transport affordability problems.
Here the parallel with fuel poverty is accurate, as in both domainsTable 2
Key components of ofﬁcial fuel poverty metrics in England, factors of complexity for transport
Key component Fuel poverty metrics Transport aff
Factors of co
Unit of analysis Households: household members share both income and
house space.
Transport ne
among house
a household
Modelling of
required energy
use and related
expenditure
Four steps: (i) temperature standards based on WHO (1987)
guidance (21 C in living rooms and 18 C in bedrooms); (ii)
four heating regimes based on activity status of adults and
under-occupancy (i.e. whether house size is too large as
compared to household size); (iii) required energy
consumption estimated based on actual thermal efﬁciency of
dwelling, heating system, boiler, etc.; (iv) required
expenditure estimated based on prices
It allows to include ‘underspending’ (and exclude
‘overspending’) households.
Overwhelmin
standards giv
speciﬁc natu
Each require
travel distanc
geographical
availability.
Affordability
threshold
TPR: 10% as twice the actual median cost burden of domestic
energy in the UK in 1988
LIHC: median required costs of domestic energy estimated for
that year, equivalised based on ad-hoc factors
10% or other
domestic ene
Income threshold TPR: absent, but regressive distribution of domestic energy
costs ensures that most non-poor households are excluded
anyway.
LIHC: 60% of median residual income (after housing and
required domestic energy costs)
Unlike dome
necessarily re
burden thres
excluded.
98high initial capital expenditure is a condition for beneﬁting from low
running costs. Australian studies (Li et al., 2013, 2015) have found
lower vehicle efﬁciency in areas of lower socio-economic status, due
to more frequent ownership of old and large engine vehicles.
3.4. Measurement
The adoption of metrics developed in fuel poverty for use in the
transport domain is tempting, but it is not without its challenges, because
of the conceptual differences between fuel poverty and transport
affordability. In Table 2, we identify four key components to the ofﬁcial
English indicators of fuel poverty (as discussed in Section 2.4), along with
factors of complexity and proposed solutions for developing a similar
metric for transport. Elsewhere (Mattioli et al., 2016b) we present the
results of an empirical study where a metric has been developed ac-
cording to the solutions proposed in Table 2.
A ﬁrst factor of complexity is that, while fuel poverty is clearly a
household attribute, transport and accessibility problems reside with
individuals rather than the whole household - i.e. one member of a
household may experience it whilst another member of the same
household does not. Therefore, while income is better treated as a
household attribute, transport needs should be assessed at the individual
level, and this complicates the deﬁnition of a metric of transport
affordability. We propose that, while transport affordability should be
quantitatively assessed at the household level, complementary ap-
proaches (possibly involving qualitative methods) should be developed
to investigate within-household variation.
A second and key characteristic of English fuel poverty metrics is that
they are based on a modelled assessment of required domestic energy use,
i.e. of households' heating needs. As previous research has pointed out
(Berry et al., 2016; Jouffe and Massot, 2013; Mayer et al., 2014; ONPE,
2014; Stokes and Lucas, 2011; Titheridge et al., 2014) the adoption of
this approach for transport affordability runs into extremely serious ob-
stacles. A modelling of required transport spending would require the
deﬁnition of normative standards of out-of-home activity participation,
allowing for sufﬁcient variation between different types of individuals.
While fuel poverty modelling allows for just four different heating
regimes, the highly individualised nature of accessibility needs results in
much greater, and potentially overwhelming, complexity. For example,
older people would need to access different services, and with a differentaffordability and proposed solutions.
ordability
mplexity Proposed solution
eds are attributes of the individual, i.e. vary
hold members, while income is better treated as
attribute.
Transport affordability metrics should
be based at household level.
Complementary approaches need to be
developed to assess within-household
variation.
g complexity of deﬁning activity participation
en their highly individualised and context-
re.
d trip would need to be assigned destination,
e and mode, based on an assessment of
context, individual abilities and time
Transport affordability metrics should
be based on actual (rather than
modelled) expenditure.
Other approaches can be used to assess
under-spending and suppressed travel
demand.
thresholds originally estimated based on
rgy costs data are not suited for use in transport.
Any threshold of transport affordability
should be derived by data on transport
spending.
stic energy costs, transport costs are not
gressively distributed, therefore a simple cost
hold will not ensure that well-off households are
An income threshold is necessary for an
indicator of transport affordability.
LIHC approach should be preferred to
TPR.
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2009). Also, the required activity sets would be different for different
household members. Moreover, while fuel poverty measures are based
on expert knowledge on healthy temperature ranges (WHO, 1987), there
is no comparable knowledge on standards of out-of-home activity
participation, with greater scope for disagreement on what ought to
be included.
Given these complexities, we argue that it is not currently advisable to
develop metrics of transport affordability based on the modelling of
required transport spending. The deﬁnition of ‘accessibility benchmarks’
for different types of household remains an interesting area of research
(Solomon and Titheridge, 2009), and further studies into normative
mobility standards could contribute to the development of better trans-
port affordability metrics in the future (Jaboeuf et al., 2016; Jouffe and
Massot, 2013; ONPE, 2014; Titheridge et al., 2014). We argue, however,
that the drawbacks of employing wrong models of required travel (in
terms e.g. of misleading policy recommendations) currently outweigh
the beneﬁts.
We therefore suggest that it is preferable to adopt affordability met-
rics based on actual transport expenditure. Adopting this approach,
Mattioli et al. (2016b) ﬁnd for example that 9.4% of UK households
spend more than 9.5% of their income on costs related to running motor
vehicles, while having residual income below the poverty line. The main
drawback of this approach is that it does not allow the identiﬁcation of
‘under-spending’ households, who spend less than they ought to because
they curtail travel to essential activities. Arguably, however, this is not
such a limitation, since other approaches exist to quantify the prevalence
of reduced mobility and suppressed travel demand (see e.g. Duvarci and
Mizokami, 2009; Falavigna and Hernandez, 2016; Lucas et al., 2016a).
Transport affordability metrics based on actual expenditure can com-
plement these insights with an assessment of households spending an
excessive amount of money on travel, i.e. possibly curtailing spending in
other parts of the budget. Another possible limitation of this approach is
that it does not exclude ‘overspending’ households, i.e. those spending
more than they ‘need’ on transport. However, this issue can be mitigated
by building an income threshold into the indicator, as discussed below.Table 3
Examples of policies to tackle fuel poverty and transport affordability in the UK [policies not im
Fuel poverty
Income policies Taxpayer-funded cash transfers made to qualifying households to h
them pay domestic energy bills (but with no requirement that they
actually spent on it):
 Cold Weather Payments (1994-present): made when temperatur
predicted to be below 0C, to individuals receiving certain mean
tested beneﬁts
 Winter Fuel Payments (1997-present): made every winter
households with a member aged 60 or over
Price policies Requirements on energy suppliers to provide bill rebates to low-in
and/or vulnerable households:
 Warm Home Discount (2011-present): targeted to low-income
sioners and other vulnerable households (speciﬁc eligibility crit
deﬁned by energy suppliers)
Energy efﬁciency
policies
Taxpayer-funded interventions for heating efﬁciency improvement
 Warm Front Scheme (2001–2013): grants targeted at low-in
households living in dwellings with poor thermal energy efﬁcien
mostly in the private housing sector
 Decent Homes Standard (2000-present): efﬁciency improveme
social housing
Statutory obligations placed on energy suppliers to deliver efﬁcien
measures (e.g. insulation, boiler replacement, district heating) to
households:
 Community Energy Saving Programme (CESP) (2009–2012): gran
energy saving measures, targeted at low-income areas
 Energy Company Obligation (ECO) (2013-present) – grants for me
resulting in heating savings. It includes:
1. Affordable Warmth Obligation: targeted at private tenants cla
certain income-related beneﬁts
2. Carbon Savings Communities Obligation: targeted at low-income
99The third and essential component of English fuel poverty metrics is
an affordability threshold. TRP and LIHC both derive this threshold by
the average (required or actual) level of spending on domestic energy (see
Section 2.4). It is clearly inappropriate to adopt the exact same thresholds
for transport (e.g. the 10% cost burden threshold – see Table 1), partic-
ularly given the fact that on average households spend more on transport
than on domestic energy. A more sensible approach is to base the
threshold on ﬁgures of spending for transport. For example, Nicolas et al.
(2012) propose a threshold at 18% of income spent on transport, corre-
sponding to twice the median of actual expenditure in France. A similar
approach has been adopted by further studies (e.g. Berry et al., 2016;
Mattioli et al., 2016b; Mayer et al., 2014).
Finally, while the LIHC fuel poverty indicator includes an income
threshold, TRP does not. However, in practice this does not lead to major
differences as domestic energy spending is regressively distributed
(Boardman, 2010, p.22–24). This is not the case for transport: in a review
of ‘stylised facts about household spending on transport’ in OECD
countries, Kauppila (2011) ﬁnds that the cost burden of transport in-
creases as income increases, i.e. richer households spend proportionately
more of their wealth on transport, mainly as a result of greater car
ownership and use. This suggests that the TPR indicator is potentially
misleading when applied to transport spending, as it may lead to include
mid-to-high income households with sufﬁcient residual income, who
may be ‘overspending’ on travel for reasons including e.g. preference for
distant activity destinations. We argue therefore that the LIHC approach
is better suited for use in transport, as it excludes such households. While
it is possible that some households below the poverty line spend more on
travel than they need to, it is reasonable to assume that overspending is
not so common among households whose resources are very limited.3.5. Policy responses
As with fuel poverty, we categorise policies to tackle transport
affordability based on the three drivers (Table 3). Our focus in this sec-
tion is mainly on the UK context, although for illustrative purposes we
also refer to examples of policies in other developed countries.plemented in the UK in square brackets].
Transport affordability
elp
are
es are
s-
to all
[Public transport: demand-side subsidies such as transport vouchers and
direct transfers using the welfare system]
Financial aids to car ownership and use: e.g. low-interest loans to
subsidize vehicle acquisition, subsidised driving lessons, repair and
maintenance grants, and social beneﬁts to cover the cost of car trips.
[Income tax deductions for commuting]
come
pen-
eria
Reduced or discounted fares for vulnerable groups, concessionary travel
passes:
 English National Concessionary Bus Travel Scheme (2000-present): free
off-peak bus travel for English residents having attained the state
pension age
s:
come
cy,
nts in
cy
ts for
asures
iming
areas
Densiﬁcation and ‘compact city’ policies:
 Planning Policy Guidance Note 3 on housing (2000–2010): set targets for
building on previously-developed land and housing densities (DETR,
2000)
Improvement of public transport services:
 Subsidised services targeted at low-income areas, Statutory Quality
Partnerships, Quality Contracts, community transport services
[Encourage inner-urban residential location choice:
 web tools to increase awareness of high transport costs in suburban and
peri-urban areas
 ‘location efﬁcient mortgages’]
Incentives to the purchase of ultra-low emission vehicles:
 Plug-in Car Grant (2011-present): provides 35% off the cost of an
eligible vehicle (up to a maximum of £5000)
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port vouchers and direct transfers using the welfare system have been
implemented to improve the affordability of public transport in a number
of countries (Serebrisky et al., 2009). On the other hand, given the high
degree of car dependence in many developed countries, it is often argued
that ﬁnancial aid should be provided to the poor to help them operate
and get access to private cars (e.g. Smart and Klein, 2015). In France, the
UK and the US, such measures have been implemented locally as part of
welfare-to-work programmes but have not been adopted on a large scale,
for reasons related to cost to the public purse, the conﬂict with envi-
ronmental policy goals and the risk of encouraging car ownership among
households who are not able to afford the associated running costs (Fol
et al., 2007).
A discussion of price policies brings to the fore hidden or little dis-
cussed realities regarding the different taxation treatment of domestic
energy and energy for mobility, with the latter being generally much
more highly taxed through the petrol pump (Chatterton et al., in press).
In countries such as the UK where the domestic energy market is
deregulated, this arguably gives the government a greater degree of
control over motor fuel prices as compared to domestic fuel. In the UK,
this has been reﬂected in public debates about the appropriate level of
taxation of motor fuels (Lyons and Chatterjee, 2002), which are often
linked to concerns about transport affordability (Gray et al., 2001). For
example, the Royal Automobile Club Foundation (RACF, 2012) has
argued that the rate of fuel duty should be lowered in order to alleviate
‘transport poverty’.
Internationally, public transport is an area where the affordability of
fares is often ensured through supply-side price subsidies (Serebrisky
et al., 2009). In most of the UK, early deregulation of local public
transport in the 1980s has resulted in very large reductions in the level of
public subsidies and in a parallel increase in fares (Preston and Almutairi,
2013), clearly limiting the scope for pricing policies. However, conces-
sionary fares are offered to groups such as the disabled and older people,
and funded through general taxation (Titheridge et al., 2014). The English
National Concessionary Bus Travel Scheme offers free bus travel to seniors,
and was introduced speciﬁcally to address affordability problems among
them. It has been criticised for being very expensive and poorly targeted,
as it is not restricted to low-income households, as well as for diverting
resources from more effective investments (Shaw and Docherty, 2014;
Titheridge et al., 2014).
With regard to energy efﬁciency, improving the viability of energy- and
cost-efﬁcient transport modes, such as walking, cycling and public
transport, can relieve low-income households from ‘forced car owner-
ship’, ‘car-related economic stress’ and expensive reliance on taxis. For
instance, increasing public transport services in deprived areas can bring
huge cost savings to individuals who use them (Lucas et al., 2009).
Arguably, in order to tackle affordability problems, new public transport
services need to be speciﬁcally targeted towards low-income areas and
individuals, as it cannot be assumed that they will automatically beneﬁt
from such initiatives. In the UK deregulated public transport market, this
is possible to an extent with subsidised services and agreements between
operators and local authorities (Table 3), although there are serious
limits to what has been achieved in this area to date (Preston and
Almutairi, 2013).
Densiﬁcation and ‘compact city’ policies (OECD, 2012) reduce car
dependence and need to travel long distances, thus reducing the house-
hold expenditure required to satisfy travel needs and increasing resil-
ience to fuel price increases (BBSR, 2009; Dodson, 2013; Gertz et al.,
2015; Litman, 2015; Nicolas et al., 2012; Scheiner, in press). However,
living in high density areas may be associated with worse local envi-
ronmental conditions (Melia et al., 2011) and higher housing costs
(Downs, 2004), and in many developed countries households' location
preferences remain strongly oriented towards low-density living (Evans
and Unsworth, 2012). As a result, improving the transport-related energy
efﬁciency of the urban fabric through densiﬁcation is more politically
controversial than retroﬁtting the housing stock is in the case of fuel100poverty. For example, in the UK many of the spatial planning policies
introduced by the Labour governments to encourage higher density
development were rolled back after the change of government in 2010,
while retroﬁtting investments are still part of the current Conservative
Government's fuel poverty policy package (Table 3).
In many countries, initiatives have emerged to increase households'
awareness of the transport cost consequences of residential location
choices, through e.g. the development of online calculators and ‘housing
and transport’ affordability indices (e.g. Allard et al., 2014; Litman,
2015). These aim to counter the phenomenon whereby households are
attracted to car dependent areas by low housing costs, but underestimate
the corresponding increase in transport costs once they are settled in
these areas (Coulombel, in press). Mortgage policies such as location
efﬁcient mortgages have also been developed to take into account the
better repayment capacity of those buying properties in accessible areas
with lower transport costs, although not in the UK (Chatman and Voo-
rhoeve, 2010). In both cases, the goal is to encourage inner-urban resi-
dential location choices and reduce household transport costs.
Incentives to the purchase of low-carbon vehicles may improve
transport affordability through reducing running costs, although they
generally aim primarily at carbon reduction (e.g. HMG, 2011; OLEV,
2013). However, these vehicles currently remain out of the reach of the
majority of low-income customers, due to high upfront prices even after
grants are deducted. Therefore, there is a risk that these incentive policies
may worsen themismatch between income and vehicle energy efﬁciency,
thereby deepening inequalities in terms of transport affordability
(Mullen and Marsden, 2016). In UK fuel poverty policy, some govern-
ment grants for heating improvements are targeted speciﬁcally at low-
income households, even though social gradients in the diffusion of
low-carbon micro-generation technologies are a point of concern.
Only a few studies have considered the synergies and the trade-offs
between climate change and transport poverty policies (Lucas and Pan-
gbourne, 2014; Mattioli, 2013b; SDC, 2011). They conclude that both
cost and income policies result in trade-offs, as reducing (or helping with)
the cost of travel tends to result in greater emissions, while increasing
costs risks pricing out the poor from access to essential opportunities.
Only energy efﬁciency policies, such as reducing the need to travel
through densiﬁcation or improving the viability of alternative modes, are
regarded as a win-win for both climate change mitigation and transport
affordability. A very similar policy tension between social and environ-
mental goals is highlighted in fuel poverty research (Boardman, 2010;
Preston et al., 2013; Ürge-Vorsatz and Herrero, 2012).
4. Critical assessment, further research directions, and policy
recommendations
This paper started with the observation that there has been an un-
critical transfer of concepts and indicators from fuel poverty into the
transport ﬁeld in the UK. Our comparative discussion of fuel poverty and
transport affordability highlights a number of similarities and differ-
ences, which have not been clearly identiﬁed and discussed in the liter-
ature to date. In this section, we critically discuss the most important
insights emerging from the comparison. These are summarised in
Table 4, along with related guidelines for policy and future research.
The transfer of concepts from one ﬁeld to another always comes with
opportunities and risks. Where similarities between fuel poverty and
transport affordability exist (ﬁrst column in Table 4), developing paral-
lels and transferring concepts can be instructive. For example, our review
demonstrates that the ‘triad framework’ of fuel poverty drivers (income,
prices, and energy efﬁciency) can deliver useful insights when applied to
transport affordability and related policy making.
In this paper, we have put forward the notion of ‘mismatches’ to
highlight situations where the misalignment between income, prices and
energy efﬁciency compounds energy affordability issues. We argue that
the concept provides a useful lens to look at transport affordability. From
a research perspective, it draws attention to important questions such as:
Table 4
Summary and critical assessment of similarities and differences between fuel poverty and transport affordability.
Similarities: parallel is warranted/
instructive
Differences: parallel can be misleading Directions for future research Policy recommendations
Negative consequences spillover effects of high domestic/
transport energy costs into other
expenditure areas (energy and non-
energy-related) and debt
less obvious causal chain between lack of affordable
transport and (multiple) negative consequences
empirical research on the overlaps between the two issues
and how households trade-off between domestic and
transport energy expenditure (particularly in times of
increasing prices)
avoid ‘siloed’ policy making when devising measures for
energy affordability. Consider the combined ﬁnancial burdens
and trade-offs placed on households by domestic and
transport energy costs
Drivers ‘three drivers’ framework (income,
prices, energy efﬁciency) and notion of
‘mismatches’ between drivers
unique recursive relationship between transport
expenditure and income generation
research into mismatches between patterns of income,
price and energy efﬁciency and their relevance for
transport affordability
Measurement multiple differences between the problems (see
Table 2) mean that fuel poverty indicators cannot be
transferred ‘as is’ to transport
transport affordability indicators:
 should be based on actual rather than modelled
expenditure
 should not be modelled on TPR
 LIHC approach is a better blueprint (although
adaptation is necessary)
adopt carefully-designed transport affordability indicators as
part of broader set of transport poverty metrics
Policy response similar tension between social
(affordability) and environmental goals:
only energy efﬁciency policies are ‘win-
win’
(in UK) similar targeting of income/
price policies on older people,
regardless of need
stronger lock-in into low-energy efﬁciency for
transport
(in UK) some fuel poverty alleviation measures are
deliberately aimed at offsetting ‘mismatches’ between
income, prices and energy efﬁciency – not the case for
transport
consider targeting e.g. electric vehicle subsidies to low-
income households
(in UK) avoid indiscriminately targeting transport and
domestic energy affordability policies to older people
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G. Mattioli et al. Transport Policy 59 (2017) 93–105do low-income households live in the most car dependent (and hence
least energy-efﬁcient) areas? Do they tend to own older, larger and less
fuel-efﬁcient vehicles? From a policy perspective, our review shows that
such mismatches are implicitly or explicitly taken into account in fuel
poverty policies, e.g. through the targeting of housing retroﬁt to low-
income areas. They have however received less attention within trans-
port policy.
Notably, we argue that the transport affordability implications of lags
and gradients in the diffusion of energy- and cost-efﬁcient vehicle tech-
nology deserve more policy and research attention, given the emphasis
currently placed on the electriﬁcation of the vehicle ﬂeet. There is a need
to avoid a future in which electric vehicles are adopted by the middle and
upper classes, while low-income households rely on internal combustion
engine vehicles which are cheaper to buy, but more expensive to run (and
more highly taxed). At the same time, the rise of electric vehicles may
blur the distinction between domestic and transport energy consumption,
while creating interesting interactions between the two. Here again,
there is potential for mismatches, as higher-income households in de-
tached housing may be more likely to take advantage of home ‘solar plus
storage’ packages, with resulting lower electricity costs. Similar consid-
erations apply to the vehicle-to-grid concept (Sovacool and Hirsh, 2009).
Another similarity between the fuel poverty and transport poverty
literatures is that both identify synergies and trade-offs between social
policies to improve affordability and environmental policies to reduce
carbon emissions, and argue that synergies can only be achieved if energy
efﬁciency policies are given priority. On the other hand, however, our
discussion suggests that improving energy efﬁciency in the transport
sector is more challenging, as it involves reducing the car dependence of
urban and transport systems, something which is more long-term,
resource intensive and politically controversial than even large-scale
retroﬁtting of the housing stock. Also, currently the most cost- and
energy-efﬁcient transport modes (walking, cycling and public transport)
are not necessarily those providing the best levels of access to services
and opportunities – a situation that has no parallel in heating. This
complicates the task of reconciling social and environmental goals in
transport policy.
One area where the analogy can be particularly misleading is the
development of empirical indicators. As discussed at length in Section
3.4, there are a number of important differences between the two
problems, which make a direct transfer of indicators inappropriate.
Notably, studies that have uncritically adopted the TPR metric to mea-
sure transport affordability in the UK have produced inconsistent (and
sometimes implausible) results, with rates of incidence varying between
3% and 80% (see Table 1). This is problematic not just from a scientiﬁc
perspective, but from a policy perspective as well. This paper puts for-
ward speciﬁc guidelines for future research looking to adapt fuel poverty
indicators for use in the transport sector (summarised in Table 2),
arguing notably that the LIHC approach is a better blueprint for
such efforts.
More broadly, it must be stressed again that ‘transport affordability’
problems are only a subset of a broader set of ‘transport poverty’ issues.
In practice, this means that, while fuel poverty policy typically relies on a
single metric to assess the extent of ‘lack of warmth’ in homes, it is un-
reasonable to expect the same for transport, as there is a wider range of
non-economic factors that may result in ‘lack of access’. Therefore, any
fuel-poverty-inspired metric of transport affordability would need to sit
alongside a variety of different concepts and multi-layered measurement
approaches in helping us to grasp the multiple facets of transport poverty
(see Berry et al., 2016; Lucas et al., 2016b).
A further direction for future research emerging from our review is
investigating to what extent fuel poverty and transport affordability
problems affect the same types of households or areas. Initial empirical
evidence from France suggests that there is only limited overlap (Cochez
et al., 2015; Jouffe andMassot, 2013; Verry et al., 2017), but it is an open
question whether this applies to other countries such as the UK. Clearly,
establishing a sound methodology to assess transport affordability is a102crucial precondition for carrying out this kind of empirical research.
There is also a need to better understand how households react to
increases in domestic and transport energy costs, notably with regard to
the dynamic trade-offs between the two. The ﬁndings reviewed in this
paper (and elsewhere in this special issue) suggest that, given the
recursive relationship between transport expenditure and income gen-
eration, households tend to prioritise commuting costs over other ex-
penses, including heating, although the evidence is not yet robust. A
number of studies in the ﬁeld of energy economics have modelled the
cross elasticity of domestic- and transport-energy demand (e.g. Baker
et al., 1989; Labandeira et al., 2006), although typically they do not have
an explicit focus on affordability. This leaves ample scope for empirical
studies to bring together and integrate these approaches.
More broadly, we argue there is need for a joined-up approach to
energy affordability, in contrast to the current situation where domestic
and transport-related energy affordability belong to distinct academic
and policy silos. The evidence suggests that households make important
trade-offs across all of their expenditure areas, and spillover effects exist.
From a fuel poverty perspective, it seems unreasonable to maintain a set
of policies to subsidize those that are the worst off whilst simultaneously
allowing them to spend disproportionate amounts of income on travel.
From a transport affordability perspective, a unisectoral approach limits
us to looking at travel behaviour responses to price changes, while the
most serious negative outcomes might be elsewhere.
Finally our review highlights a striking parallel between fuel poverty
and transport affordability policies in the UK: currently, signiﬁcant
public resources are invested in ensuring that older people, regardless of
income, receive free public transport and ‘winter fuel payments’, whilst
others in similar or greater need receive no help. This is arguably a key
obstacle to the effective alleviation of affordability problems, and the
case for better targeting is compelling. Overall, it appears that domestic
energy and transport affordability policies are currently being (mis)
aligned to indirectly improve the ﬁnancial welfare of the elderly, possibly
reﬂecting a ‘moral status’ attached to old age, or their importance as a
key electoral constituency.
5. Conclusion
In a context where transport and energy exhibit two parallel policy
worlds, our critical review has highlighted lessons that can be learned
from a systematic comparison, as well as the need for a more joined-up
approach to energy affordability. At the same time, our analysis also
highlights critical differences between the two sectors and how and why
these matter. Notably, metrics come with a set of assumptions and their
own (policy) history, and in working across sectors it is necessary to have
a critical eye to where they have come from and why differences matter.
As we embark on an ever closer union between our domestic energy and
transport energy systems the importance of these contradictions will
become increasingly evident and problematic. This work contributes to
the long-term debate about how best to manage these issues in a radical
energy transition that properly pays attention to issues of equity and
affordability.
Acknowledgements
This work arises from the research project “Energy-related economic
stress in the UK, at the interface between transport, housing and fuel
poverty”, funded by the Engineering and Physical Sciences Research
Council (grant number EP/M008096/1) as part of the RCUK Energy
Programme. The funders had no involvement in the analysis and inter-
pretation of the data, nor in the writing and submission of the article. The
authors would like to thank three anonymous reviewers for their helpful
comments on previous versions of this article, as well as the participants
to the (t)ERES workshop (held at the University of Leeds on May 20th-
21st 2015) for their helpful insights.
G. Mattioli et al. Transport Policy 59 (2017) 93–105References
Allard, M., Feyt, G., Fourny, M.C., Talandier, M., 2014. Raising awareness on mobility
costs for households: a lever for changing residential choices and improving local
governance? Experimentation in the French Alpine metropolitan area. Transp. Res.
Procedia 4, 255–270.
Anderson, W., White, V., Finney, S., 2012. Coping with low incomes and cold homes.
Energy Policy 49, 40–52.
Bafoil, F., Fodor, F., Le Roux, D., 2014. Acces a l'energie en Europe. Les precaires
invisibles. Presses de la Fondation nationale des sciences politiques, Paris.
Baker, P., Blundell, R., Micklewright, J., 1989. Modelling household energy expenditures
using micro-data. Econ. J. 99 (397), 720–738.
Beatty, T.K., Blow, L., Crossley, T.F., 2014. Is there a ‘heat-or-eat’ trade-off in the UK?
J. R. Stat. Soc. 177 (1), 281–294.
Belton-Chevallier, L., Fol, S., Motte-Baumvol, B., Jouffe, Y., 2017. Coping with car
dependency: a system of expedients used by low-income households on the outskirts
of Dijon and Paris. Transp. Policy (in press).
Berry, A., Jouffe, Y., Coulombel, N., Guivarch, C., 2016. Investigating fuel poverty in the
transport sector: toward a composite indicator of vulnerability. Energy Res. Soc. Sci.
18, 7–20.
Bickerstaff, K., Walker, G., Bulkeley, H. (Eds.), 2013. Energy Justice in a Changing
Climate. Social Equity and Low-carbon Energy. Zed Books, London, New York.
Blumenberg, E., Manville, M., 2004. Beyond the spatial mismatch: welfare recipients and
transport policy. J. Plan. Lit. 19, 182–205.
BBSR, 2009. Chancen und RisikensteigenderVerkehrskostenfür die Stadt- und
SiedlungsentwicklungunterBeachtung der Aspekte der postfossilenMobilit€at. BBSR,
Bonn.
Boardman, B., 1991. Fuel Poverty: from Cold Homes to Affordable Warmth. Pinter Pub
Limited.
Boardman, B., 2010. Fixing Fuel Poverty: Challenges and Solutions. Earthscan, Abingdon.
Bouzarovski, S., Petrova, S., 2015. A global perspective on domestic energy deprivation:
overcoming the energy poverty - fuel poverty binary. Energy Res. Soc. Sci. 10, 31–40.
Breheny, M., 1995. The compact city and transport energy consumption. Trans. Inst. Br.
Geogr. 20 (1), 81–101.
Cass, N., Shove, E., Urry, J., 2003. Changing Infrastructures, Measuring Socio-spatial
Inclusion/exclusion. Final Report. Department of Sociology, Lancaster University.
Cebollada, A., 2009. Mobility and labour market exclusion in the Barcelona metropolitan
region. J. Transp. Geogr. 17, 226–233.
Cervero, R., Sandoval, O., Landis, J., 2002. Transportation as a stimulus of welfare-to-
work. Private versus public mobility. J. Plan. Educ. Res. 22, 50–63.
Chatman, D., Voorhoeve, N., 2010. The transportation-credit mortgage: a post-mortem.
Hous. Policy Debate 20 (3), 355–382.
Chatterton, T.J., Anable, J., Barnes, J., Yeboah, G., 2016. Mapping household direct
energy consumption in the United Kingdom to provide a new perspective on energy
justice. Energy Res. Soc. Sci. 18, 71–87.
Chatterton, T., Barnes, J., Anable, J., Yeboah, G.T., Wilson, R., Cairns, S., 2017. Financial
implications of car use in a household energy context: a social and spatial
distributional analysis. Transp. Policy in press.
Cochez, N., Durieux, E., Levy, D., 2015. Vulnerabilite energetique. Loin des po^les urbains,
chauffage carburant pesent fortement dans le budget. Insee Premiere, 1530.
Coulombel, N., 2017. Why housing and transport costs should always be considered
together: a monocentric analysis of prudential measures in housing access. Transp.
Policy in press.
Curl, A., Clark, J., Kearns, A., 2017. Household car adoption and ﬁnancial distress in
deprived urban communities over time: a case of 'forced car ownership'? Transp.
Policy in press.
Currie, G., 2007. Young Australians: no way to go. In: Currie, G., Stanley, J., Stanley, J.
(Eds.), No Way to Go. Transport and Social Disadvantage in Australian Communities.
Clayton. Monash University Press.
Currie, G., 2011. New Perspectives and Methods in Transport and Social Exclusion
Research. Emerald, Bingley.
Currie, G., Senbergs, Z., 2007. Exploring forced car ownership in metropolitan
Melbourne. Australasian Transport Research Forum, 2007.
DECC, 2009. The UK Fuel Poverty Strategy, 7th Annual Progress Report 2009.
Department of Energy and Climate Change, London.
DECC, 2016. Annual Fuel Poverty Statistics Report, 2016. Department of Energy and
Climate Change, London.
DEFRA, 2001. The UK Fuel Poverty Strategy. Department for Environment, Food & Rural
Affairs, London.
Demoli, Y., 2015. The social stratiﬁcation of the costs of motoring in France (1984-2006).
Int. J. Automot. Technol. Manag. 15 (3), 311–328.
Deutsch, J., Guio, A.C., Pomati, M., Silber, J., 2015. Material deprivation in Europe:
which expenditures are curtailed ﬁrst? Soc. Indic. Res. 120 (3), 723–740.
DETR, 2000. Planning Policy Guidance 3: Housing. Department of the Environment,
Transport and the Regions, London.
Desjardins, X., Mettetal, L., 2012. L'habiter periurbain face a l'enjeu energetique. Flux 89/
90, 46–57.
DfT, 2006. Accessibility Planning Guidance: Full Guidance. Department for Transport,
London.
Dobbs, L., 2007. Stuck in the slow lane: reconceptualizing the links between gender,
transport and employment. Gend. Work Organ. 14 (2), 85–108.
Dodson, J., 2013. Suburbia under an energy transition: a socio-technical perspective.
Urban Stud. 1–19.103Dodson, J., Sipe, N., 2007. Oil vulnerability in the Australian city: assessing
socioeconomic risks from higher urban fuel prices. Urban Stud. 44 (1), 37–62.
Downs, A. (Ed.), 2004. Growth Management and Affordable Housing: Do They Conﬂict?.
Brookings Institution Press.
Duvarci, Y., Mizokami, S., 2009. A suppressed demand analysis method of the
transportation disadvantaged in policy making. Transp. Plan. Technol. 32 (2),
187–214.
EAC, 2013. Transport and Accessibility to Public Services. Third report of session 2013-
2014, vol. I. The Stationery Ofﬁce, London (HC 201, 2013-14).
Evans, A., Unsworth, R., 2012. Housing densities and consumer choice. Urban Stud. 49
(6), 1163–1177.
Ewing, R., Cervero, R., 2010. Travel and the built environment: a meta-analysis. J. Am.
Plan. Assoc. 76 (3), 265–294.
Falavigna, C., Hernandez, D., 2016. Assessing inequalities on public transport
affordability in two Latin American cities: montevideo (Uruguay) and Cordoba
(Argentina). Transp. Policy 45, 145–155.
Farber, S., Paez, A., 2009. My car, my friends and me: a preliminary analysis of
automobility and social activity participation. J. Transp. Geogr. 17, 216–225.
Farber, S., Paez, A., 2011. Mobility without accessibility: the case of car use and
discretionary activities. In: Lucas, K., Blumenberg, E., Weinberger, R. (Eds.), Auto
motives. Understanding car use behaviours. Emerald, Bingley, pp. 89–106.
Ferdous, N., Pinjari, A.R., Bhat, C.R., Pendyala, R.M., 2010. A comprehensive analysis of
household transportation expenditures relative to other goods and services: an
application to United States consumer expenditure data. Transportation 37 (3),
363–390.
FPAG, 2014. 12th Annual Report - 2013-14. Fuel Poverty Advisory Group, England.
Fol, S., 2009. La mobilite des pauvres. Belin, Paris.
Fol, S., Dupuy, G., Coutard, O., 2007. Transport policy and the car divide in the UK, the
US and France: beyond the environmental debate. Int. J. Urban Reg. Res. 31 (4),
802–818.
Froud, J., Johal, S., Leaver, A., Williams, K., 2002. Not enough money: the resources and
choices of the motoring poor. Compet. Change 6 (1), 95–111.
Gertz, C., Maaß, J., Guimar~aes, T. (Eds.), 2015. Auswirkungen von steigenden
Energiepreisen auf die Mobilit€at und Landnutzung in der Metropolregion Hamburg.
Ergebnisse des Projekts €LAN – Energiepreisentwicklung und Landnutzung. Institut
für Verkehrsplanung und Logistik, Hamburg.
Gibbons, D., Singler, R., 2008. Cold Comfort: A Review of Coping Strategies Employed by
Households in Fuel Poverty. Inclusion Research Consultancy & Energywatch.
Gicheva, D., Hastings, J., Villas-Boas, S., 2007. Revisiting the Income Effect: Gasoline
Prices and Grocery Purchases. NBER Working Paper Series 13614. National Bureau of
Economic Research.
Gleeson, B., Randolph, B., 2002. Social disadvantage and planning in the Sidney context.
Urban Policy Res. 20 (1), 101–107.
Gray, D., Farrington, J., Shaw, J., Martin, S., Roberts, D., 2001. Car dependence in rural
Scotland: transport policy, devolution and the impact of the fuel duty escalator.
J. Rural Stud. 17 (1), 113–125.
Heindl, P., 2015. Measuring fuel poverty: general considerations and application to
German household data. FinanzArchiv 71, 178–215.
Hills, J., 2011. Fuel Poverty: The Problem and Its Measurement. Interim report of the fuel
poverty review. London: CASE report.
Hills, J., 2012. Getting the Measure of Fuel Poverty. Final Report of the Fuel Poverty
Review. London: CASE report 72.
Hine, J., Mitchell, F., 2003. Transport Disadvantage and Social Exclusion. Exclusionary
Mechanisms in Transport and Urban Scotland. Ashgate, Aldershot.
HMG, 2010. 2050 Pathways Analysis.
HMG, 2011. The Carbon Plan: Delivering Our Low Carbon Future.
HMG, 2015. Cutting the Cost of Keeping Warm. A Fuel Poverty Strategy for England. The
Stationery Ofﬁce, London.
Jaboeuf, R., Nimal, E., Sevenet, M..&Imbert I. (2016). The two faces of energy poverty:
Can we talk about energy need in transport sector? The DEMAND Centre Conference
2016, April 13-15 2016, Lancaster.
Jouffe, Y., Massot, M.-H., 2013. Vulnerabilites sociales dans la transition energetique au
croisement de l'habitat et de la mobilite quotidienne. In: 1er Congres
Interdisciplinaire du Development Durable. Namur.
Kauppila, J., 2011. Ten Stylised Facts about Household Spending on Transport. ITF/OECD
Statistical Paper No. 1/2011.
Kennedy, C., Steinberger, J., Gasson, B., Hansen, Y., Hillman, T., Havranek, M.,
Mendez, G.V., 2009. Greenhouse gas emissions from global cities. Environ. Sci.
Technol. 43 (19), 7297–7302.
Kenyon, S., 2011. Transport and social exclusion: access to higher education in the UK
policy context. J. Transp. Geogr. 19 (4), 763–771.
Kesteloot, C., 2005. Urban socio-spatial conﬁgurations and the future of european cities.
In: Kazepov, Y. (Ed.), Cities of Europe. Changing Contexts, Local Arrangements, and
the Challenge to Urban Cohesion. Blackwell, Oxford.
Labandeira, X., Labeaga Azcona, J.M., Rodríguez Mendez, M., 2006. A residential energy
demand system for Spain. Energy J. 27 (2), 87–111.
Li, T., Dodson, J., Sipe, N., 2015. Exploring social and spatial patterns in private vehicle
fuel efﬁciency: a case study of Brisbane and Sydney, Australia. Aust. Geogr. 46 (2),
217–233.
Li, T., Sipe, N., Dodson, J., 2013. Investigating private motorised travel and vehicle ﬂeet
efﬁciency: using new data and methods to reveal socio-spatial patterns in Brisbane,
Australia. Geogr. Res. 51 (3), 269–278.
Li, T., Dodson, J., Sipe, N., 2017. Examining household relocation pressures from rising
transport and housing costs–An Australian case study. Transp. Policy in press.
G. Mattioli et al. Transport Policy 59 (2017) 93–105Liddell, C., Morris, C., 2010. Fuel poverty and human health: a review of recent evidence.
Energy Policy 38, 2987–2997.
Liddell, C., Morris, C., McKenzie, S.J.P., Rae, G., 2012. Measuring and monitoring fuel
poverty in the UK: National and regional perspectives. Energy Policy 49, 27–32.
Liddell, C., Morris, C., Thomson, H., Guiney, C., 2016. Excess winter deaths in 30
European countries 1980–2013: a critical review of methods. Journal of Public
Health 38 (4), 806–814. https://academic.oup.com/jpubhealth/article/38/4/806/
2966950/Excess-winter-deaths-in-30-European-countries-1980.
Liddle, B., 2013. Urban density and climate change: a STIRPAT analysis using city-level
data. J. Transp. Geogr. 28, 22–29.
Litman, T., 2015. Transportation Affordability. Evaluation and Improvement Strategies.
Victoria Transport Policy Institute.
Lovelace, R., Philips, I., 2014. The ‘oil vulnerability’ of commuter patterns: a case study
from Yorkshire and the Humber, UK. Geoforum 51, 169–182.
Lucas, K., 2004. Running on Empty. Transport, Social Exclusion and Environmental
Justice. The Policy Press, Bristol.
Lucas, K., 2011. Driving to the breadline. In: Lucas, K., Blumenberg, E., Weinberger, R.
(Eds.), Auto Motives. Understanding Car Use Behaviours. Emerald, Bingley.
Lucas, K., 2012. Transport and social exclusion: where are we now? Transp. Policy 20,
105–113.
Lucas, K., Bates, J., Moore, J., Carrasco, J.A., 2016a. Modelling the relationship between
travel behaviours and social disadvantage. Transp. Res. Part A 85, 157–173.
Lucas, K., Mattioli, G., Verlinghieri, E., Guzman, A., 2016b. Transport poverty and its
adverse social consequences. Proc. Inst. Civ. Eng. Transp. 169 (6), 353–365.
Lucas, K., Pangbourne, K., 2014. Assessing the equity of carbon mitigation policies for
transport in Scotland. case study. Transp. Policy 2 (2), 70–80.
Lucas, K., Tyler, S., Christodoulou, G., 2009. Assessing the ‘value’ of new transport
initiatives in deprived neighbourhoods in the UK. Transp. Policy 16 (3), 115–122.
Lucas, M.T., Nicholson, C.F., 2003. Subsidized vehicle acquisition and earned income in
the transition from welfare to work. Transportation 30, 483–501.
Lyons, G., Chatterjee, K. (Eds.), 2002. Transport Lessons from the Fuel Tax Protests of
2000. Ashgate, Farnham.
Mackett, R.L., Thoreau, R., 2015. Transport, social exclusion and health. J. Transp. Health
2, 610–617.
Mayer, I., Nimal, E., Nogue, P., Sevenet, M., 2014. The two faces of energy poverty: a case
study of households' energy burden in the residential and mobility sectors at the city
level. Transp. Res. Procedia 4, 228–240.
Martens, K., 2013. Role of the bicycle in the limitation of transport poverty in The
Netherlands. Transp. Res. Rec. 2387, 20–25.
Mattioli, G., 2013a. Different worlds of non-motoring: households without cars in
Germany. In: Scheiner, J., Blotevogel, H.-H., Frank, S., Holz-Rau, C., Schuster, N.
(Eds.), Mobilit€aten und Immobilit€aten: Menschen, Ideen, Dinge, Kulturen, Kapital.
Klartext, Essen.
Mattioli, G., 2013b. Car dependence, sustainability and the transport policy stalemate: the
potential trade-offs between intra-and inter-generational equity. Int. J. Sustain. Policy
Pract. 8 (1), 45–57.
Mattioli, G., 2014. Where sustainable transport and social exclusion meet: households
without cars and car dependence in Great Britain. J. Environ. Policy Plan. 16 (3),
379–400.
Mattioli, G., 2015. Energy-related Economic Stress at the Interface between Transport,
Housing and Fuel Poverty: a Multinational Study. 2nd International Days of Sociology
of Energy. Universite' Francois Rabelais, Tours.
Mattioli, G., Colleoni, M., 2016. Transport disadvantage, car dependence and urban form.
In: Pucci, P., Colleoni, M. (Eds.), Understanding Mobilities for Designing
Contemporary Cities. Springer, Heidelberg.
Mattioli, G., Lucas, K., Marsden, G., 2016a. The affordability of household transport costs:
quantifying the incidence of car-related economic stress in Great Britain. In: 48th
Annual Universities' Transport Study Group, 6–8 January 2016, Bristol.
Mattioli, G., Wadud, Z., Lucas, K., 2016b. Developing a novel approach for assessing the
transport vulnerability to fuel price rises at the household level. In: 14th World
Conference on Transport Research, 10–15 July 2016, Shanghai.
Melia, S., Parkhurst, G., Barton, H., 2011. The paradox of intensiﬁcation. Transp. Policy
18 (1), 46–52.
Mollenkopf, H., Marcellini, F., Ruoppila, I., Flaschentr€ager, P., Gagliardi, C.,
Spazzafumo, L., 1997. Outdoor mobillity and social relationships of elderly people.
Arch. Gerontol. Geriatr. 24, 295–310.
Mullen, C., Marsden, G., 2016. Mobility justice in low carbon energy transitions. Energy
Res. Soc. Sci. 18, 109–117.
Mullen, C., Marsden, G., 2017. The car as a safety-net: narrative accounts of the role of
energy intensive transport in conditions of housing and employment uncertainty. In:
Hui, A., Walker, G., Day, R. (Eds.), Demanding Energy. Palgrave Macmillan,
Hampshire in press. http://www.springer.com/us/book/9783319619903.
Moore, R., 2012. Deﬁnitions of fuel poverty: implications for policy. Energy Policy 49,
19–26.
Motte-Baumvol, B., Massot, M.H., Byrd, A.M., 2010. Escaping car dependence in the outer
suburbs of Paris. Urban Stud. 47 (3), 604–619.
Newman, P., Kenworthy, J., 1999. Sustainability and Cities: Overcoming Automobile
Dependence. Island Press.
Neutens, T., 2015. Accessibility, equity and health care: review and research directions
for transport geographers. J. Transp. Geogr. 43, 14–27.
Nicolas, J.-P., Vanco, F., Verry, D., 2012. Mobilite quotidienne et vulnerabilite des
menages. Revue d'Economie Regionale Urbaine 2012 (1), 19–44.
OECD, 2012. Compact City Policies. A Comparative Assessment. OECD Green Growth
Studies, OECD.
OLEV, 2013. Driving the Future Today. A Strategy for Ultra Low Emission Vehicles in the
UK. Ofﬁce for Low Emission Vehicles, London.104ONPE, 2014. Premier rapport de l'ONPE. Deﬁnitions, indicateurs, premiers resultats et
recommendations.
ONS, 2015. Excess Winter Mortality in England and Wales, 2014/15 (Provisional) and
2013/14 (Final) [Online] Available from: http://www.ons.gov.uk/ons/rel/
subnational-health2/excess-winter-mortality-in-england-and-wales/2014-
15–provisional–and-2013-14–ﬁnal-/index.html. (Accessed 13 February 2015).
Ormandy, D., Ezratty, V., 2012. Health and thermal comfort, from WHO guidance to
housing strategies. Energy Policy 49, 116–121.
Ortar, N., 2017. Dealing with energy crises: working and living arrangements in peri-
urban France. Transp. Policy in press.
Owen, D., Hogarth, T., Green, A.E., 2012. Skills, transport and economic development:
evidence from a rural area in England. J. Transp. Geogr. 21, 80–92.
Paez, A., Mercado, R.G., Farber, S., Morency, C., Roorda, M., 2010. Accessibility to health
care facilities in Montreal Island: an application of relative accessibility indicators
from the perspective of senior and non-senior residents. Int. J. Health Geogr. 9 (1),
1–15.
Preston, J., Raje, F., 2007. Accessibility, mobility and transport-related social exclusion.
J. Transp. Geogr. 15 (3), 151–160.
Preston, I., White, V., Thumim, J., Bridgeman, T., 2013. Distribution of Carbon Emissions
in the UK: Implications for Domestic Energy Policy. Joseph Rowntree Foundation,
London.
Preston, J., Almutairi, T., 2013. Evaluating the long term impacts of transport policy: an
initial assessment of bus deregulation. Res. Transp. Econ. 39 (1), 208–214.
RACF, 2012. 21 million UK Households in Transport Poverty [Online] Available from:
http://www.racfoundation.org/media-centre/transport-poverty. (Accessed 25
November 2015).
Rendall, S., Page, S., &Krumdieck, S. (2014, March). Voila! A new measure of oil
vulnerability for cities. 1st International e-Conference onEnergies.
Rickwood, P., Glazebrook, G., Searle, G., 2008. Urban structure and energy—a review.
Urban Policy Res. 26 (1), 57–81.
Saujot, M., 2012. La mobilite, l’autre vulnerabilite energetique. IDDRI Sci. Policy Brief.
1–6, 5/2012.
Sch€afer, A., Heywood, J.B., Jacoby, H.D., Waitz, I.A., 2009. Transportation in a Climate-
constrained World. MIT, Cambridge.
Scheiner, J., 2006. Does the car make old people happy and mobile? Settlement
structures, car availability and leisure mobility of the elderly. Eur. J. Transp.
Infrastruct. Res. 6 (2), 151–172.
Scheiner, J., 2017. Transport costs seen through the lens of residential self-selection and
mobility biographies. Transp. Policy in press.
Schwanen, T., Lucas, K., Akyelken, N., Solsona, D.C., Carrasco, J.A., Neutens, T., 2015.
Rethinking the links between social exclusion and transport disadvantage through
the lens of social capital. Transp. Res. Part A 74, 123–135.
Serebrisky, T., Gomez-Lobo, A., Estupi~nan, N., Mu~noz-Raskin, R., 2009. Affordability and
subsidies in public urban transport: what do we mean, what can be done? Transp.
Rev. 29 (6), 715–739.
SDC, 2011. Fairness in a Car-dependent Society. Sustainable Development Commission.
SEU, 2003. Making the Connections: Final Report on Transport and Social Exclusion.
Ofﬁce of the Deputy Prime Minister, London.
Shaw, J., Docherty, I., 2014. The Transport Debate. Policy Press, Bristol.
Simcock, N., Walker, G., 2015. Fuel Poverty Policy and Non-heating Energy Uses.
DEMAND Centre Working Paper 16. DEMAND Centre, Lancaster.
Simcock, N., Walker, G., Day, R., 2016. Fuel poverty in the UK: beyond heating? People,
Place and Policy 10 (1), 25–41. https://extra.shu.ac.uk/ppp-online/fuel-poverty-in-
the-uk-beyond-heating/.
Smart, M.J., Klein, N.J., 2015. A Longitudinal Analysis of Cars, Transit and Employment
Outcomes. Report 12–49. Mineta National Transit Research Consortium, San Jose.
Solomon, J., & Titheridge, H. (2009). Setting Accessibility Standards for Social Inclusion:
Some Obstacles. Universities' Transport Study Group Annual Conference, London.
Sovacool, B.K., Hirsh, R.F., 2009. Beyond batteries: an examination of the beneﬁts and
barriers to plug-in hybrid electric vehicles (PHEVs) and a vehicle-to-grid (V2G)
transition. Energy Policy 37 (3), 1095–1103.
Stern, N.H., 2006. Stern Review: the Economics of Climate Change. HM Treasury,
London.
Stokes, G., Lucas, K., 2011. National Travel Survey Analysis. University of Oxford,
Transport Studies Unit. Working Paper No. 1053.
Sustrans, 2012. Locked Out. Transport Poverty in England [Online] Available from:
http://www.sustrans.org.uk/lockedout. (Accessed 25 November 2015).
Taylor, J., Barnard, M., Neil, H., Creegan, C., 2009. The Travel Choices and Needs of Low
Income Households: the Role of the Car. The National Centre for Social Research.
Tran, M., Banister, D., Bishop, J.D., McCulloch, M.D., 2012. Realizing the electric-vehicle
revolution. Nat. Clim. Change 2 (5), 328–333.
Titheridge, H., Christie, N., Mackett, R., Hernandez, D.O., Ye, R., 2014. Transport and
Poverty. A Review of the Evidence. University College London, London.
UN-Habitat, 2013. Planning and Design for Sustainable Urban Mobility. Global Report on
Human Settlements 2013. Routledge, New York.
Ürge-Vorsatz, D., Herrero, S.T., 2012. Building synergies between climate change
mitigation and energy poverty alleviation. Energy Policy 49, 83–90.
Velaga, N.R., Beecroft, M., Nelson, J.D., Corsar, D., Edwards, P., 2012. Transport poverty
meets the digital divide: accessibility and connectivity in rural communities.
J. Transp. Geogr. 21, 102–112.
Verry, D., Kuscha, D., Nicolas, J.P., 2017. Vulnerabilite energetique et mobilite
quotidiennes: quelle mesure? Thema, Mars 2017, 18–25.
Walker, G., Simcock, N., Chard, R., 2015. Distributing demand: the needed, the normal
and the underspent. In: 2nd International Days of the Sociology of Energy. Universite'
Francois Rabelais, Tours.
G. Mattioli et al. Transport Policy 59 (2017) 93–105Walks, A., 2017. Driving the poor into Debt? Automobile loans, transport disadvantage,
and automobile-dependence. Transp. Policy in press.
Weber, C.L., Matthews, H.S., 2008. Quantifying the global and distributional aspects of
American household carbon footprint. Ecol. Econ. 66, 379–391.105WHO, 1987. Health Impact of Low Indoor Temperatures: Report on a WHO Meeting.
World Health Organization for Europe, Copenhagen.
Wrigley, N., 2002. ‘Food deserts’ in British cities: policy context and research priorities.
Urban Stud. 39 (11), 2029–2040.
